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Introduction
Epilepsy is a disabling neurological disease with a prevalence of 0.7%. Most patients respond to drug treatment. However, in a minority of patients drug treatment is insufficient. In a recent controlled randomised trial, resective surgery was proven to be efficacious in temporal lobe epilepsy. 1 *Corresponding author. Tel.: +46-18-6115035; fax: +46-18-6115027.
E-mail address: peter.mattsson@neurologi.uu.se (P. Mattsson).
Typical outcome measures in reports on the effects of epilepsy surgery include not only seizure frequency, but also cognitive functioning, psychosocial functioning, and health-related quality of life. [2] [3] [4] [5] [6] Recent research indicates that neuroticism may affect these outcome measures. One study indicated that patients with high levels of pre-operative neuroticism had significantly poorer post-operative psychosocial adjustment and health-related quality of life. 7 Another study showed that self-appraisal of cognitive functioning was not correlated with objective pre-or post-surgical memory scores, or their differences, but it was correlated with neuroticism measured by means of the Eysenck Personality Questionnaire. 8 Anxiety is considered an important aspect of neuroticism, 9 and it is prevalent in patients suffering from epileptic seizures. 10 Anxiety related to epileptic seizures may occur as anticipatory anxiety and affect the patient's state of anxiety 10 or it may be part of the epileptic aura. 11 We hypothesised that anxiety might be the negative aspect of neuroticism as it relates to cognitive functioning, psychosocial functioning, and health-related quality of life. Patients who no longer experience unexpected episodes causing them to lose consciousness might experience a reduction in anxiety and a gain in self-control.
It would be of interest to know whether one of the main effects of epilepsy surgery--seizure freedom--can affect anxiety proneness. In this prospective study, we measured anxiety proneness by means of the Karolinska Scales of Personality (KSP) and set out to test whether successful surgery with respect to seizure outcome has an impact on anxiety proneness.
Methods

Patients
All patients had localisation-related epilepsy with complex partial seizures with or without secondary generalisation. They were registered in the Swedish national registry for epilepsy surgery. 4 We identified 106 patients, 18 years or older who were included in the Uppsala part of the registry. Fifteen of the 106 patients had non-resective surgery, and 91 patients had resective surgery. Twenty-two patients did not fill in the KSP questionnaire pre-operatively, and nine did not complete the KSP questionnaire post-operatively. Three patients were excluded because their questionnaires contained too many missing values. This left 57 patients for the analyses. These patients completed the KSP questionnaire pre-and post-operatively and were followed up. The outcome of surgery was classified according to Engel. All patients had IQ values above 70 as measured by means of the Wechsler Adult Intelligence Scale--Revised.
The Karolinska Scales of Personality
The KSP were developed for the purpose of measuring individual differences in some specific personality traits. 12 Five of 15 scales are related to anxiety proneness and neuroticism. These are the Somatic Anxiety scale (autonomic disturbances, restlessness, panics easily), the Psychic Anxiety scale (worrying, anticipating, lacking self-confidence), the Muscular Tension scale (tense and stiff, not relaxed), the Psychasthenia scale (easily fatigued, feeling uneasy when urged to speed up), and the Lack of Assertiveness scale (lacks ability to speak up and to be self-assertive in social situations). 9 The Lack of Assertiveness trait was originally labelled Inhibition of Aggression, although high scores on this scale correspond to assertiveness deficiency. 9 To avoid a discussion of the validity of the construct 'neuroticism', we will use 'anxiety' in this manuscript.
There are 10 items in each scale. Each item is presented as a statement with a four-point response format ranging from 'Does not apply at all' (=1) to 'Applies completely' (=4). The values were summarised for each personality trait and then t-transformed using a normative sample with an expected mean and standard deviation of 50 and 10, respectively. High scores indicate a high degree of anxiety. The KSP inventory was administered pre-and 2-8 years post-operatively.
Statistical analysis
The statistical program package JMP (version 4.0) was used. To reduce the effect of multiple testing, we considered P values less than 0.01 as significant. All tests were two-sided.
We used the t test and the chi-square test to test for differences in continuous and nominal characteristics (Tables 1 and 2 ). The variables education and ongoing employment were collapsed to two levels each.
The post-operative seizure outcome according to Engel 13 was divided into Engel I (no seizures or simple partial seizures) and Engel II-IV (complex partial seizures with or without generalisation).
We used the paired t test to test for differences between the pre-and post-operative t scores within Engel I and Engel II-IV. We then used ANCOVA to test for differences in the pre-and post-operative t score differences between patients in the two outcome groups. We used pre-operative age and pre-operative t scores as covariates.
We also used the non-parametric Wilcoxon signed ranks test to test for differences between the preand post-operative t scores within the two outcome groups. We used the Mann-Whitney U test to test for differences in the differences in the pre-and post-operative t scores between patients in Engel I and patients in Engel II-IV. 
Results
Characteristics of participants and non-participants are shown in Table 1 . Characteristics of patients according to outcome of surgery are presented in Table 2 .
The P values derived from paired t tests for patients in Engel I were generally low. Only the differences in t scores related to the Somatic Anxiety scale (P = 0.001) and the Psychic Anxiety scale (P = 0.006) were statistically significant (Table 3) . A similar pattern emerged when the Wilcoxon signed ranks test was used. All P values were <0.07, but only the differences in t scores related to the Somatic Anxiety scale (P = 0.001) and the Psychic Anxiety scale (P = 0.008) were statistically significant. There were no statistically significant differences in pre-and post-operative t scores for patients in Engel II-IV using a paired t test or the Wilcoxon signed ranks test.
We compared the mean differences between the pre-and post-operative t scores for patients in Engel I and patients in Engel II-IV. Using ANOVA, the P values related to the Somatic Anxiety, Psychic Anxiety, Muscular Tension, Psychasthenia, and Lack of Assertiveness scales were 0.009, 0.072, 0.028, 0.092, and 0.056, respectively. Using the MannWhitney U test, the P values related to the Somatic Anxiety, Psychic Anxiety, Muscular Tension, Psychasthenia, and Lack of Assertiveness scales were 0.008, 0.048, 0.049, 0.092, and 0.048, respectively, i.e. not statistically significant. We analysed the same data using ANCOVA with pre-operative age and pre-operative t scores as covariates (Table 3) . There were no statistically significant differences. All P values in these analyses were higher than the corresponding P values derived from ANOVA and the Mann-Whitney U test, indicating that differences at baseline between the two outcome groups were important.
Discussion
In this prospective study, there was some evidence that somatic trait anxiety and psychic trait The pre-operative age and pre-operative t scores were covariates. a Derived from a paired t test. b Derived from ANCOVA, which was used to test for differences in the differences of the pre-and post-operative t scores between patients in Engel I and Engel II-IV.
anxiety normalised in patients who were free post-operatively from seizures impairing their consciousness. The degree of anxiety proneness did not change in patients still experiencing seizures impairing their consciousness after surgery. However, after taking imbalances in baseline characteristic into account, there were no statistically significant differences in the change in degree of anxiety proneness between patients in the two outcome groups.
Comparisons with previous research
Patients in this study had a high degree of anxiety proneness pre-operatively. This is in agreement with other series of patients suffering from medically intractable epilepsy. Consistent with most previous studies, 14-17 the pre-operative scores of anxiety and anxiety-related scales were higher than the post-operative scores. Few studies have analysed whether changes in levels of neuroticism and anxiety proneness can be attributed to the post-operative occurrence of seizures. In a longitudinal study using the Minnesota Multiphasic Personality Inventory, the pre-operative scores on the psychasthenia and depression scales were higher than the post-operative scores assessed at 2 months and 1 year. 17 These differences were attributed to the effect of surgery on seizure reduction. In a small study 14 in which a very conservative reduction in the statistical significance level (P < 0.005) was employed, there were no statistically significant differences between the pre-and post-operative Minnesota Multiphasic Personality Inventory-2 scores of seizure-free patients.
In a large multicentre study, 4 anxiety symptoms were increased in patients still having seizures after surgery. The validity of cross-sectional studies is limited because of difficulties in taking important differences in pre-operative baseline characteristics into account. We took two factors into consideration: pre-operative age because this differed in patients in Engel I and patients in Engel II-IV (P = 0.03); and pre-operative t score because this was higher in all traits in patients in Engel I and lower in four of five scales in patients in Engel II-IV. This was done because younger patients might have better coping abilities than older patients and high pre-operative degree of anxiety proneness might be associated with a greater chance of post-operative reduction, i.e. regression to the mean.
In view of the present data and previous research, there is not sufficient data to support the hypothesis that the reduction in anxiety after epilepsy surgery seen in most studies is a consequence of seizure freedom. Other explanations for the decrease in anxiety could be the decreased load of antiepileptic drugs, the effect of removal of brain areas important in the aetiology of anxiety, changes in familial and social circumstances, or regression to the mean.
Limitations
The KSP traits were selected for their relevance to psychopathology, but they have also been used in other areas of research such as pain, 18 lumbar 19 and abdominal 20 surgery. The KSP scales related to anxiety proneness have rank order coefficients in the range of 0.70, a test re-test correlation of 0.77, 9 and studies of the absolute stability (means) show a slight decrease over time. The scales are thought to remain stable over time, but there is evidence that at least two of them, somatic trait anxiety and psychic trait anxiety, are state-dependent. 21 Interestingly, Glosser et al. 15 reported significant reductions in trait, but not state anxiety after temporal lobe resection in patients with epilepsy resistant to drugs.
The content of some items comprising somatic anxiety may reflect seizure symptoms (seizure item endorsement). This could lead to a reduction in t scores without a reduction in anxiety between seizures. Since the Psychic Anxiety scale mainly measures self-confidence and psychic energy, and not seizure symptoms, seizure item endorsement seems unlikely in relation to this scale.
Although there were several similarities in the baseline characteristics of participants and non-participants in this study, differences in the proportions of patients with gliosis who underwent standardised anteromesial temporal lobe resection (AMTR) including amygdalahippocampectomy or lesionectomy (Tables 1 and 2 ) were important. These differences indicate that the results of this study can be generalised mainly to non-lesional epilepsy of temporal lobe origin. Most of the psychosocial and personality changes in connection with epilepsy surgery have been associated with temporal lobe epilepsy.
Future directions
Longitudinal studies of anxiety and data on potential confounding factors collected pre-and several times post-operatively will help us better understand why anxiety levels decrease post-operatively. It is important to learn more about the many psychological and psychiatric changes relevant to cognitive and psychosocial functioning in patients undergoing epilepsy surgery.
In this retrospective analysis of prospectively collected data, patients undergoing successful epilepsy surgery experienced small and statistically significant decreases in somatic anxiety and psychic anxiety. Patients who did not become seizure free did not experience a decrease in anxiety. Since there were pre-operative imbalances between the two outcome groups, these differences could not be attributed to the effect of seizure reduction.
